Abstract-With the growing use of frequency based services and devices, the cognitive radio network has become an important technology for the future of wireless networks. However, the number of frequency based network applications for fixed and mobile devices both in licensed, and unlicensed networks also shows a significant increase. In addition to frequency based applications; for efficient use of spectrum in cognitive radio networks, characteristics of medium access techniques is utilized. Among these medium access techniques, slotted Aloha technique is among the most preferred. In our study, simulation of a cognitive radio network environment that consists of primary and secondary users utilizing slotted Aloha medium access technique is performed. The simulation of designed network environment is carried out by using Riverbed software. Upon making end to end delay analysis of the designed network, the results of maximum number of users that could be supported in cognitive radio networks utilizing slotted Aloha technique is observed.
I. INTRODUCTION
OGNITIVE radio network is an important technology for the future of wireless networks [1] [2] . The use of frequency based services and devices is increasing day by day. However, the number of frequency based applications on licensed and unlicensed networks for both fixed and mobile devices are increasing [2] [3] . Similarly, there is growing need for the ISM (Industrial Science Medical) band. Despite constantly growing number of wireless services and devices, the provision of frequency spectrum is known to be a limited resource. Therefore, it is necessary to use the available spectrum band in a flexible and efficient manner [4] . According to the researches, it is seen that the majority of frequency spectrum is allocated to the primary users as fixed. In addition, a small portion of the spectrum is used for urgent applications. However, although some parts of the spectrum at given time intervals is used by primary users, there is some available part of the spectrum that is used partly and rarely [5] . One way to reduce these restrictions is to update the existing license allocation methods. By providing flexible access to frequency bands without harming primary users, spectrum M. E. Bayrakdar, Computer Engineering Department, Duzce University, 81620, Duzce, Turkey, (e-mail: muhammedbayrakdar@duzce.edu.tr).
A. Calhan, Computer Engineering Department, Duzce University, 81620, Duzce, Turkey, (e-mail: alicalhan@duzce.edu.tr).
access can be provided to secondary users in an opportunistic way. Thus, productivity and efficiency of the frequency spectrum can be well increased [2] . According to the current communication system policies, there are no flexibility advantages of frequency channels because they work in an allocated way. In contrast, flexible use of frequency channels is provided with cognitive radio technology [3] . Cognitive radio technology is a new technology which aims to be the solution for the future wireless communication technology by ensuring use of the spectrum more efficiently. Cognitive radio is a radio technology that can change the transmission parameters by interacting with its environment. The main tasks of cognitive radio are spectrum detection, spectrum management spectrum mobility and spectrum sharing [2] . The main goal of cognitive radio is to provide the flexibility of the wireless transmission systems with dynamic spectrum access in order to increase spectral efficiency and to optimize transmission performance. The components of the architecture of cognitive radio networks are divided into two separate groups, namely primary and [5] . Primary networks are licensed networks and they are authorized to use a particular frequency spectrum band. Secondary networks are unlicensed networks, so they can access to the spectrum only through access points opportunistically. Fig. 1 shows a network structure of the primary and secondary users that are located in the same environment.
In our study, a cognitive radio network environment where the primary and secondary users use slotted Aloha technique is considered. Simulation of the designed network environment was carried out using Riverbed software. Delay analysis of the designed network is expressed analytically with mathematical terms and analytical results are seen to be consistent with the simulation results.
II. SYSTEM MODEL OF THE NETWORK
In this study, end to end delay analysis of slotted Aloha medium access technique in cognitive radio networks is performed. End to end delay analysis is carried out with simulation scenarios involving different number of primary and secondary users. In the network environment scenarios developed; primary users, secondary users and access points that are serving to these users are existed together.
In Equation (1), analytical model of Slotted Aloha expected delay, D is given [1] [2] [3] .
where G is total load, and M is number of users [1] [2] [3] . Slotted Aloha medium access technique is a kind of Aloha protocol that is divided into time periods to reduce the possibility of collisions [6] [7] . In the Aloha protocol, direct packet transmission is performed regardless of whether another transmission is present in the environment. The worst part of this protocol is that the collision probability is much higher [8] [9] . In Slotted Aloha medium access technique, when a packet is ready to be transmitted, the process of transmission is performed at the beginning of time periods after waiting until the beginning of the time periods. In this way, packet collisions that may be in the middle of the packet transmissions in Aloha protocol are prevented [10] [11] . End to end delay of Slotted Aloha protocol is equal to the elapsed time from the time a packet is produced until reaching the destination.
In Fig. 2 , packet transmission of Aloha and slotted Aloha techniques is observed. Here; packet collisions of packets 1, 2, and 3 in Aloha technique is seen. The packets 4, and 5 are transmitted at the beginning of the time period for which they are transmitted according to the characteristics of slotted Aloha techniques. Fig.3 . Primary network simulation environment Fig. 3 shows simulation scenarios designed for primary users performed on Riverbed software. In Fig. 4 , combination of cognitive radio network environment where primary and secondary users exist together is seen. Code of each designed node and access point are written in Riverbed simulation software.
Our network model consists of secondary users and base stations in the same communication area with the primary users. Slotted Aloha is exploited as random access scheme by the secondary users. The process of a secondary user in our network is as follows. Each secondary user makes a decision about the time slot usage at the beginning of each time slot. If the time slot is utilized by a primary user, then the secondary user waits for the availability of next time slots. If the time slot is idle, then the secondary user transmits its packet.
In our secondary network model, it is presumed that each secondary user generates packets according to Poisson process. Moreover, the packet length of secondary users is shorter than packet length of primary users because of the spectrum sensing time. In Fig. 7 , the simulation results of the secondary network with 10 primary users for different number of secondary users is seen. The graph gives consistent end to end delay results when there are 10 primary users and 10 secondary users in the network structure. End to end delay results of the primary networks including 25, and 50 users are found to be inconsistent. Here, it is seen that cognitive radio networks utilizing slotted Aloha technique with maximum number of 10 primary users and 10 secondary users give appropriate results.
IV. CONCLUSIONS
In this study, simulation of a cognitive radio network environment which primary and secondary users use slotted Aloha medium access technique that is optimized format of Aloha protocol is carried out. Riverbed software is utilized to perform a simulation of the designed network. Making end to end delay analysis of the designed network, maximum number of users utilizing slotted Aloha technique that is supported in cognitive radio networks has been observed. According to the obtained results, a network structure consisting of the primary users that utilize slotted Aloha technique has been shown to give good results for up to 20 users. In cognitive radio network environment, network infrastructure that includes 10 primary users and 10 secondary users give good results. In subsequent studies, the performance of the secondary users in cognitive radio networks using different medium access techniques are expected to be analyzed.
